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STATIC-PRESSUREE RORCALIBRATIONSFORNOSE-BOOMAIRSPEED
INSTALLATIONSOF 17AIRPIXtlZS
ByTerryJ. Larson,WendellH.Stillwell,
sndKatharineH. Armistead
SUMMAHY
A flightinvestigationwasconductedtodeterminethestatic-pressure
errorsfornose-boomairspeedinstallationsof17slrplsnes.Theinves-
tigationcoveredbothresearch-t~eandservice+ypeaircraft.
Themagnitudeof static-pressuree rorsfortheairspeedinstalla-
tionsof alltheairplsnesisshowntovarywithairplsmegeometric
characteristicswhichincludenose-bornlength,fuselagediemeter,and
nosefinenessratio.Thestatic-pressuree rorsforairspeedinstalla-
. tionsof airplaneswithneitherexbremelybluntorextremelypointed
noseshapescorrelatewellwiththeratioofnose-boomkngthto effec-
tivemaximumfuselagedismetier.Themagnitudesof static-pressuree rors
w varyinverselywtththisratioandincreaseconsidershlyasthisratio
decreasesbelowabout1.0.
INTRODUCTION
An importsntphaseoftheflight-testprogxsmsofhigh-speedaircraft
isthedeterminationftheerrorsinvolvedinthemeasurementofMach
number. TheprincipalerrorindeterminingMachnumber,especiallyat
trsnsonicspeeds,istheerrorinthern~asurementofstaticpressure
becauseofthepressurefieldaroundanaircraft.Thiserrorvsriesfor
differentaircraftconfigurationsanddifferentlocationsofthestatic-
pressureorificeswithinthepressurefieldof a givenaircraft.
Althoughseveralmethodsfordeterminingstatic-pressuree rorshave
beendevelopedandthecalibrationsformanyairplaneshavebeenreported,
.-
littleinformationisavailableonmethcdsforpredictingthemagnitude
of static-pressuree ror.Sincealmostalltestairplanesndmosthigh-
;
speedmilitsryairplanesemploynose-boompitot-statictubes,it appeared
desirableto comparethecalibrationsofmanyairplaneshavingnose-beam
0
pitot-statictubestodeterminewhetherstatic-pressuree rorscanbe
predictedforsimilarinstallations.Itwasalsoofinterestodeter-
mineifthemethodsofreference1,forpr~ictingerrorsaheadofthe
fuselagenoseof twoparticularbodiesofrevolution,areapplicableto
typicalhigh-speedairplsne Configurations...
As a routinepertoftherespectiveflightresesrchprograms,static-
pressurerrorcalibrationshavebeenmadeby theNAC!AHigh-SpeedFlight
StationatFdwards,C!alif.,for17aircraftwithnose-boomairspeed
installations.Thesecalibrations,ofwhich15havenotbeenreported
previously,arecomparedto showtheeffectofMachnumberatlowangles
of attackon static-pressuree rors.Theyarealsocomparedwiththe
methodsdevelopedinreference1 forpredictingstatic-pressuree rors;
Calibrationdataofreferences2 and3 areincludedforcompleteness
and
the
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forcomparativepurposes.
Themethodspresentedshouldprovidea usefulmesnsforpredicting
positionerrorsof similarairspeedinstallations.
SYMI!ULS
effectivemaxtiumfuselagediameter>ft
effectiveinlet-ductdismeter,ft .-
.
effectivelength,ft
trueMachnumber
recordedMachnumber
Machnumbererror(M- M’)
tme static pressure,lb/sqft
recordedstaticpressure,lb/sqft
staticpressurerror
trueimpactpressure,
(P’- p),lb/sqft
lb/sqft
recordedimpactpressure,lb/sqft
distancefromnoseofairplaneto static-pressureo ifices,,ft
angleofattack,deg ,—
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INSTRUMENTATION
Thethreetypesofpitot-statictubesemplqyedwiththetestair-
planesarepresentdinfigure1 whichshowstheshapeofthetotal-
pressuretubesandthelocationofthestatic-pressureo ifices.
Type(a)isthestandardKolhmanhigh-speedtubewhichwasusedwith
fourofthetestairplsnes.Type(b),usedonthreeairplanes,differs
mostfromtheothertwoinstatic-pressurea rangement,having18ori-.
ficesequallyspacedaroundthetube.me (c)isthestandardNACA
high-speedpitot-statictubeandhasbeenusedwith10ofthetestair-
plsmes.Thestatic-pressureo ificeconfigurationsaresimilarto
type(a),butthearrsnganenthasbeenmodified(ref.4) to increasethe
rsngeof insensitivityofthetubeto angleof attack.Thetotal-pressure
tubeisa typerelativelyinsensitiveto angleof attack
w 6). ListedintableI arethetypesofpttot-static
thetestairplsnes.
Sensitive-meNACApressurerecorderswereusedto
andimpactpressures.
METHODS
.
(A-6 of refs.~
tubesusedwith
recordstatic
Fourbasicmethodswereusedto obtainthestatic-pressuree ror
.
calibrations:Thefly-bymethodofreference7, theradar-photothecdol.ite
methodofreference8, themodifiedrsdar-photothecdolitemethd ofref-
erence9, andinonecasethepacermethodofreference7.
AirplanesA,B, C,D,H, 1,andJ werecalibratedby thefly-by
methcdat lowMachnumbersndthecalibrationswereextendedto higher
Machnumbersby theradar-phototheodolitemethod.AirplanesE, F, G,
L,M, N,0, andP werecalibratedby themdifid radar-phototheodo13te
method.AirplsneQ wascalibratedby thepacermethodwithairplaneD
usedforthereferenceairplane.AirplaneK wascalibratedasreported
inreference3.
Theconditionsunderwhichtheairplsneswerecalibratdvaried
considerablysincecalibrationdataweresel.bmobtaineduringdataruns
msdeexclusivelyforstatic-pressuree rorcalibration.Forexample,
calibrationdataforairplaneP wereobtainedataltitudesfrom5,000feet
toX,000 feet,whereasdataforairplsneO wereobtainedat altitudes
frcmjO,~ feetto60,000feet. Theseairplaneswerecalibrated
ssmebasicmethod,buttheactualcalibrationproceduresdepended
m ontherespectiveflightprogrsms.
*
.
by the
largely
4ACCURACIES
r
Accuraciesofthestatic-pressuree rorcalibrationsverywith
methcd,altitudesndMachnumber,andtypeofpitot-statictube. The
fly-bymethod,usedatsubsonicspeeds,is-consideredthemostaccurate
method..Therefore,datafortheairplanescalibratedby thismethodare
moreaccuratethsndataobtainedby eitheroftheotherthreemethods.
Theaccuracyofcalibrationdataobtainedby themodifiedradsx-
photothecxdoliteme hcd.showsconsiderablevariationsoverthealtitude
range,andlargedifferencesinaccuraciesofvariouscalibrationsm de
by thismethodareevidenced.
Theinherent-errorsfthepitot-statictubesalone mustbe con-
sidered.References4, 10,and11haveshownthattheerrorsoftubes
oftypes(a)and(b)we small.Unpublishedwiti-tunneltestsofa tube
similsrto type(c)showthattheerrorisalsosmallfora tubeof this
type. Therefore,theeffectofthedifferenttubesisbelievedtobe
smallincomparisonwiththestatic-pressuree rorscausedby snairplane,
andno attemptsaremadeto comparethestatic-pressuree rorsofthe
tubes.
—
Theerrorsofthepitot-statictubescaused by theeffectsof angle
of attacksndangleofsideslipdependlsrgelyontheorificearrange-
mentofthetubes.References2 to4 and10and11haveshownthatfor
s
tubesoftypes(a)and(b)theseeffectsaresmallat ltisinglesof
attacksndsideslip.Theeffectsofangleofattackonerrorsforpitot- l “
statictubesoftype(c)areshowninfigure2 forairplaneN ata Mach
numberof0.80. Itisseenthattheerrorcausedby sngle-of-attack
effectsis insignificantatanglesofattackbelowabout12°. Sincethe
calibrationdataforalltheairplaneswereselectedforflightcondi-
.—
tionsat lowanglesofattackandsideslip,”theerrorscontainedinthe
calibrationsfromflowangularityeffectsareconsideredneg~gible.
Althoughitisdifficulttospecifytheexactaccuracyofeach
calibration,theoverallaccuracyforMachnumbersat lowsubsonicspeeds
andsupersonicspeedsiswithin*O.O1O,andfor
speedsiswithiniO.020.
RESULTSANDDISCUSSION
PresentationfStatic-PressureE ror
Machnumbersattransonic
Calibrations
Presentedinfigures3 to 16arethestatic-pressuree rorcalibra-
tionsfornose-boomairspeedinstallationsof 17 airplanes. hcluded
witheachfigureis a two-viewdrawingoftheparticulartestairplane.
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Calibrationdataextendfrcana Machnumberof0.24forairplaneI to a
a Machnumberof 1.50forairpleneM. Forthecalibrationflights,tests
onsomeairplaneswererestrictedto a specifidMachnumberrsmge,
thereforethedatadonotnecessarilyshowtheperformancelimitsofthe
airplanes.ThecurvesshowingN end 4/~’ as functionsofMach
numberwerecomputedfromthefaLredcurves howingthedatapointsfor
M! ss a functionof M.
Shownh figure4 isthecalibrationfrcxnreference2 forairplaneB.
l?@re 5 showsthecalibrationforairplaneC, a laterversionof air-
planeB havingthesameconfigurationbuta noseboomofdifferentype
andlength.
ForairplaneD thewingsweepanglemsybe variedfrcm20°to 59°
inflight.Althoughmostofthecalibrationdatawereobtainedwiththe
winginthe590-sweeppositim,nomeasurabledifferenceswerenotedin
thestatic-pressuree rorsat othersweepsngles.
me 11showsthecalibrationsforairspeedinstallationsof
airplenesI andJ. Thenose-borninstallationsareidentical;theonly
differencesintheairplsnessrethelargerwing-tiptanksenda slightly
longernoseforairplaneJ. Thecalibrationsshowgoodagreement,indi-
catingthatthesmalldifferencesbetweentheairplanesdonotappreciably
affect hestatic-pressuree rors.
.
ThecaU.brationforairplaneK (fig.12)hasbeenreportedpreviously
. inreference3. Thesymbolpointsof
forairplaneL. Thesetwoairplanes,
ofthetestairplanes,differonlyin
similsrnose-boomhstallations.The
agreement.
AirplanesN ad O haveidentical
engineinletslocatedwellbackalong
airpleneO is rocketpowered,itdoes
figureW representtheca~bration
havingtheshortestbooms(2.75ft)
wingandtailthicknessendhave
calibrationsshowexcellent
configurations~cept forthejet
thefuselageof airphe N. Since
nothaveinlets.Thenose-boom
instalktionsofthetwoairplsnesareidentical.Fromthegoodagree-
mentshownforthesecalibrations(fig.14) andthecalibrationsfor
airplanesI andJ (fig.11)andK andL (fig.12),itappeerstheseine
calibrationscanbe appliedto similarairplaneswithidenticalnose-bocm
airspeedinstallations.
AirplaneQ (fig.16)isa lergebcmiber-~ewiththelongestnose
boom(10.17ft ) ofthetestairplsmes.
. ComparisonofStatic-PressureE rorCalibrations
A comparisonofthe N curvesoffigures3 to 16showsthatthe
. generalshapesofthesecurveserefairlyconsistent;atsubsonicspeeds
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theMachnumbererrorsincreaselinearly,attrsmsonicspeedstheerrors
increaserapidly,andatlowsupersonicspeedstheerrorsdropto zero b
ornearzero.Althoughthestatic-pressuree rorisexpectedtobe zero
afterthebowshockwavepassesthestatic-pressureo ifices~a small
errorisshownforsomeairplanes.Themsx~umMachnumbererrorvaries
from0.05ata Machnumberof1.015forairplsmeP to0.14ata Mach
numberof1.060forairplanesK andL.
Methodusingx/D.-ShownintableI arenose-bocxnandairplme
dimensionssndtheratiox/D forthetestairplanes.Thenose-bocm
length..xwasdeterminedasthedistsncefromthenoseoftheairplane
tothestatic-pressureo ifices.Forthepointd-noseairplsnesthe
measurementismadefromtheprojectedendofthenosewithouthenose
boominstalled.Theeffectivemsximumfuselagedismeterisdefinedaa
thedismeterof a circlehavingthessmeareaasthemaximumfuselage
crosssectionincludingtheareaofanyduct.
—
—.
Presentedinfigure17isthevariatignofMachnumbererrorstith
x/D forthevariousairplmes..GoodcorrelationisshownintheMach
number angeof0.60to0.80foralltheairplanesexceptairplaneP.
Theagreementisnot as god intheMachnumberrangefrom0.9 to 1.02,
withthepoorestcorrelationshownby airplanesD andP. Itisofinter- .
esttonotethatairplsnesD endP representextremesofthenosecon-
figurations,havingthemostbluntandmostpointednoseshapes,respec-
tively.Althoughtheagreementisnotexactforallairplanes,itappears “ .
thatreasonablecorrelationfstatic-pressuree rorsthroughouttheMach
numberrangeisobtained.Thesedatashowthatstatic-pressuree rors
varyinverselywiththeratioofthenose-beanlengthtotheeffective
. .
maximumfuselagediameter.Itisseenthatthisratiobeccmesmore
—
criticalinaffectingstatic-pressuree rQrsfor x/D valueslessthan
about1.0.
.-
Methodusing (l/D)2snd X z.- Anothermethcdforrelatingstatic-
pressurerrorsispre6entedinreference1. Thismeth~,whichtakes
intoaccounthefinenessratioofthefuselage,mightbe expectedto
eliminatethediscrepanciesnotedforthecomparisonbasedon x/D. The
methodofreferehce1 wasdevelopedfroma~.comprehensivein stigation
oferrorsaheadofpointed-noseparabolic-srcbcdiesofrevolutionhaving
identicalthicknessdistributions;therefore,itisofinterestotest
themethodwithtypicalhigh-speedairplaneswhichhavewidelyvarying .-
thicknessdistributionsandwhichcannotbe consideredtruebcxliesof
revolution.
Inreference1,thestatic-pressuree rormultipliedby thesquare
Ioftheeffectivefinenessratio@ ~(Z/D)2 wasshowntobe dependent 9
ontheratioofdistsnceshesdofthenosetotheeffectivefuselage
lengthx/Z. Thiscomparisonwasmsdeforspeedsbelowbodycritical
Machnumberandforspeedscorrespondingtpthepeakstatic-pressure .
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error(static-pressuree rorimmediatelyprior
4 shockwave).Abovebd.ycriticalMachnumber,
7
tothepassageofbow
41%( @)2 isCcmlpared
with (2/D)2(M- 1) forvariousvaluesof x/2.
Thedataforthepresentestairplaneswereccmparedby these
methdsandshowed“gocdagreementbelowbckiycriticalMachrnmiberand
atpeakstatic-pressuree ror.BetweenthecriticalMachnumberand
theMachnumberforpeakstatic-pressuree ror,thecomparisonbased
on (Z/D)2(M- 1) showedpooragre~ent.
.
*
Becauseofgoodagreementofthedataforallslrpl.snesbasedon
x/Z,atspeedsbelowbodycriticalMachnumbersmlatspeedscorresponding
to thepeskstatic-pressuree ror,a ccmnparisononthisbasiswasmsde
overtheentireMachnumberrange.Theresultsofthiscomparisonare
showninfigure18forthevsriationof (Z/D)22Mwith x/Z. Tomake
a moredirectccmrparisonwithfigure17, N has.beensubstitutedfor
4/u in figure18, thetwoquantitiesbeinginterchmgeableatmy
givenMachnumber. Thequantitiesd, Z, x/d, x/Z,and Z/D forthe
testairplenesofthisinvestigationareshownintableI. Theeffective
fuselagelengthZ isdefinedastwicethedistancefromthenoseto
themsximumfuselagediemeter.The oods&reementovertheMachnumber
rangeisevident;thetwoairplanes?D andP)whichshowedthepoorest
correlationwiththeotherairpties whenbasedon x/D correlatedwell
infigure18. Itappesrsthatstatic-pressuree rorsforairplaneswith
practicallysmytypeof fuselagenoseshapecsnbe relatedonthebasis
of M( Z/D)2snd X/z. However,figure17indicatesthatforairplanes
withneitherextremelypointednorextremelybluntfuselagenoseshapes
static-pressuree rorscanbe relatedto thesimpleparsmeterx/D.
Methodusing x/d.- Reference1 alsopresentsdataforstatic-
pressurerrorsaheadofopen-noseair-inletbodiesofrevolution.
Static-pressuree rorwasshowntobe dependentontheratioofdistance
aheadoftheinletto inletdismeterx/d. Thevariationofstatic-
pressurerrorwith x/d forthesixtestairplaneswithnoseinlets
isshowninfigure19. Thecorrelationisnotssgoodasthatshownin
figure17forthecomparisonbasedon x/D. It appearsthatthemethod
ofreference1 fordeterminingstatic-pressuree roraheadofnoseinlet
doesnotapplyto static-pressuree roraheadoftypicalairplanenose-
inletconfigurations.
CONCLUDINGRmARks
.
Measurementofthestatic-pressuree rorsof 17nose-beanairspeed
. installationsindicatesthat: Themagnitudeof static-pressuree rors
8 NACARMm7~02
*
fortheairspeedinstallationsof alltheairpl.snesisshowntovsry
withairplanegeometriccharacteristicswhichincludenose-bocmlength”,‘“
fuselagediameter,andnosefinenessratio.Thestatic-pressuree rors &
forairspeedinstallationsof airplaneswithneitherextremelybluntnor
extremelypointalnoseshapescorrelatewellwiththeratioofnose-boom
lengthtoeffectivemaximmfuselagedismeter.Themagnitudesofstatic-
—
pressurerrorsvaryinverselywiththisratioandincreaseconsiderably
asthisratiodecreasesbelowabout1.0.
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TABLEI.-GEDMETWCCHARACTERISTICSOF
Airplane
A
B
c
D
E
F
G
H
I
J
K
L
M
N
o
P
Q
be ofpitot,
statictube
b
a
c
c
c
c
c
b
s.
a
a
b
c
c
*
c
c
c
K, fi
5.3L
10.0
6.7
5.77
6.0
4.71
6.85
3.24
8.62
8.62
2.75
2.75
3.19
4.73
4.75
3.7
LO.17
), fl
4.ti
5.5
5-5
5.2:
5.8:
5.5?
6.ti
4.2$
7.2
7.2
4.6
4.6
4.7
5.0
5.0
3.94
.3.1
i, ft
1.65
1.74
1.74
1.65
2.39
1.67
----
----
----
----
----
----
----
----
----
----
----
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THETESTAIRPLANES
t, ft
16.c
18.c
18.c
ZQ.2
2’7.3
25.4
36.6
IJ2.6
36.2
36.7
21.0
21.0
19.2
24.4
24.4
80.0
40.6
x/I
L.2j
1.82
L.2;
L.lC
Lo:
.8:
1..11
.76
..2
-. 2
.6
.6
.68
.95
.95
.96
.78
x/d
3.24
5.75
3.8:
3*5C
2.51
2.82
----
----
----
----
----
----
----
----
----
----
----
x/1
).33
.36
l37
.29
.22
.18
.19
.26
.24
.23
.U
.13
.17
.19
.19
.07
.25
2/D
3.8(
3.27
3.27
3.8;
4.6!
4.5$
5.94
2.94
5.03
5.10
4.56
4.56
4.08
4.88
$.88
3.50
3.10
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t
d = 0.043
‘d = 0.043
(a) Kollsmanhigh-speedpitot-statictube(ref.3).
1o-o ——————i ~ t8 orifices equally spaced
.
(b)NACApitot-statictube(ref.3).
K 7“’ ‘,/ :=%:?”
-~
0.88 \
4 orifices
I0° d = 0.043
~ o&if$5e;
=.
(c)NACAhigh-speedpitot-static
Figurel.-Drawingsof airspealtubesusedon
sionsin inches.
tube(ref.9).
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Figure3.-Static-pressuree rorsforairplaneA.
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Figure15.- Static-pressuree rorsforairplaneP.
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Figure17.- VarLattonofMachnumbererror8withtiheratioxID forthetestairplane.
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